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INTRODUCTION 
Previous research has involved an 
evaluation of various types of paint­
stripe beads (1, 2}. That research was 
hampered by an inability to properly embed 
the beads into the paint stripe. However, 
changes in traffic paint formulation and 
application procedure (aiming the bead gun 
so that beads and paint hit the pavement 
at approximately the same time) have 
enabled 0 attainment of proper bead 
embedment. 
In this study, eight experimental 
bead types, in addition to the currently 
specified bead type, were tested. 
Reflectivity measurements were conducted, 
along with visual observations, to rate 
each bead type. The objective was to 
determine whether any of the experimental 
beads were superior to the currently used 
bead, and if so, whether they would be 
economically feasible for widespread use. 
TEST INSTALLATION 
Paint and beads were applied with 
standard striping equipment by the 
striping crew from District 7 of the 
Kentucky Department of Highways. Bead 
embedment and bead and paint application 
rates were monitored. Proper bead 
embedment was maintained throughout the 
test installation. A bead application 
rate of 4 pounds per gallon was used for 
each bead type. The paint was sprayed at 
a thickness of 15 mils. There was only 
nominal variation from the standard bead 
and paint application rates. 
The test installation was applied in 
July 1982 on the Bluegrass Parkway, which 
is a rural, four-lane highway having 
control of access. The section used had 
an average annual daily traffic volume of 
about 5,000. An approximate 15-mile 
section of roadway was used. The 
experimental striping used both edge lines 
as well as the lane line and was applied 
to both directions. Five hundred pounds 
of each bead type were applied. 
Differences in the various bead types 
involved gradation, refractive index, and 
surface coating. All beads were purchased 
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from one manufacturer. Following is a 
description of the bead types used along 
with the name that will be used for each 
bead type for the remainder of this 
report. 
1. Regular - Standard glass bead 
2. 
3. 
4. 
s. 
6. 
7. 
no 
currently 
Kentucky. 
index of 
1.so. 
resistant. 
conforming to 
requirements: 
used in 
Refractive 
less than 
Moisture 
Gradation 
following 
Sieve Number 
16 
Percent Passing 
100 
30 
50 
100 
Silane 
1.65 
1.90 
Fine 
- Same as 
except 
45-95 
15-35 
0-5 
regular bead 
surface treated 
with silane. 
- Same as regular bead 
except refractive index 
of no less than 1.65. 
- Same as regular bead 
except refractive index 
of no less than 1. 90. 
- Same as regular bead 
except gradation conforms 
to following 
requirements: 
Sieve Number 
30 
Percent Passing 
100 
60 
80 
140 
Coarse 
40-70 
15-35 
0-5 
- Same as regular bead 
except gradation conforms 
to following 
requirements: 
Sieve Number Percent Passing 
16 100 
30 15-35 
50 5-15 
100 0-5 
70/30 - A  free flowing, 
waterproofed bead. The 
refractive index of 70 
percent of the beads not 
less than 1.50 with the 
remaining 30 percent 
having a refractive index 
of not less than 1.65. 
Conforms to the following 
gradation: 
1.50 Index Glass Beads 
Sieve Number 
20 
Percent Passing 
95-100 
30 75-95 
50 9-32 
80 0-15 
1.65 Index Glass Beads 
Sieve Number 
50 
Percent Passing 
100 
80 
100 
200 
8. Floating 
90-100 
75-90 
0-5 
- Bead treated so that 90 
percent, by weight, will 
float on xyol in a 
laboratory floatation 
test. Refractive index 
of no less than 1.50. 
Gradation conforming to 
following requirements: 
Sieve Number 
30 
Percent Passing 
100 
90-100 
0-10 
40 
80 
9. Uni-sphere - Spheriodal in shape, 
containing not more than 
15 percent irregularly 
shaped particles. 
Silicone-treated surface. 
Refractive index of 1.51. 
Gradation requirement 
that 80 percent of the 
beads be between the No. 
35 and 45 sieve sizes. 
EVALUATION PROCEDURE 
The primary method of evaluation 
utilized a portable retroflectometer (PRR) 
(3). This instrument allows for a 
quantitative measurement of reflectivity 
of pavement marking materials. Previous 
field evaluations have relied on 
subjective ratings (1, 2). 
To use the PRR, a sample of pavement 
marking tape is used as a calibration. 
Then, a dimensionless measurement is made 
by placing the PRR over the paint stripe. 
Several readings were taken on each test 
section until a consistent average could 
be obtained. Eight sets of PRR 
measurements were collected over a 
15-month evaluation period. For each data 
set, measurements were taken at the same 
location in each test section. 
In addition to PRR _ measurements, 
three nighttime inspections were 
conducted. The appearance of the various 
test sect.ions were observed and 
photographed. 
RESULTS 
Data were obtained using the PRR just 
after installation and on a periodic basis 
for a 15-month period until the test 
section was restriped. A total of eight 
sets of measurements were obtained. 
A summary of the PRR data is given in 
Table 1. Measurements are listed by type 
of· stripe (white lane line, yellow edge, 
and white edge) and bead type. All bead 
types, except the 1.90 and uni-sphere, 
were used on the white lane lines and 
yellow edge lines. Those two bead types, 
in addition to the coarse bead type, were 
used on the white edge lines. 
The 1.90-bead had the highest initial 
reflectivity. Its reflectivity remained 
highest throughout the test period. The 
uni-sphere, which was a small gradation 
bead with very few irregularly shaped 
particles, was second best in maintaining· 
reflectivity. Those beads were on the 
edge line. Their reflectivity would have 
been reduced if used as a lane line. The 
cost of those two bead types prohibit 
their use on a statewide basis. 
A comparison of PRR data when the 
beads were used as lane lines provides 
data representing the most adverse traffic 
wear condition. PRR measurements versus 
months in service for white lane lines are 
shown graphically in Figure 1. The 1. 65-
and floating-bead types had the highest 
readings for the first 8 months in 
2 
service. The other bead types, with the 
exception of the coarse-gradation bead, 
had similar readings for the first few 
months. The coarse gradation bead 
appeared to be so large that it was easily 
dislodged from the paint when struck by 
tires of passing vehicles, resulting in 
comparitively low reflectivity throughout 
the test period. 
The readings made eight months after 
installation also showed that the fine­
gradation bead had high readings. From 
that point, until the stripes were 
restriped after 15 months in service, the 
fine-gradation bead provided the best 
overall results. This appeared· to be 
related to the size of the bead. The 
smaller beads would not be as easily 
dislodged from the paint. Also, for a 
given application rate, there would be 
more of the finer-gradation bead applied 
since it was smaller and, therefore, 
lighter. 
There would not be as much wear on 
beads placed on the yellow edge stripe. 
As shown in Table 1, the 1.65- and 
floating-beads had the highest PRR 
readings for the entire 15-month test 
period. The fine-gradation beads had the 
third highest PRR readings after 8 months 
in service. 
Nighttime inspections were conducted 
when the stripes were new and after 4 and 
12 months in service. Visual observations 
were conducted and photographs were made. 
Visual observations were in agreement with 
PRR data in that the 1. 90 and uni-sphere 
edge lines appeared brightest. Among the 
lane lines, the 1. 65- and floating-beads 
were initially best but, after one year, 
did not appear to be any better than the 
other types. There was not a significant 
difference between the appearance of the 
lane line markings after one year in 
service. However, some difference could 
be noted, as illustrated in Figure 2. The 
photographs show that, after one year in 
service, the striping having fine­
gradation beads could be seen from a 
slightly more distant point than striping 
having regular beads. While the nighttime 
observations assisted in forming 
conclusions, it was evident that PRR data 
provided a more reliable method of rating 
3 
various paint-stripe beads. 
CONCLUSIONS 
PRR data provided the primary basis 
for conclusions concerning the 
reflectivity performance of the various 
beads, and nighttime observations were 
used as aids. The 1. 90 and uni-sphere 
beads exhibited the highest overall 
reflectivity. Of the bead types used in 
the lane line markings, the 1.65 and 
floafing beads provided the best 
reflectivity for the first few months, but 
the fine-gradation bead had the best long­
term reflectivity. 
Selection of a bead type for 
statewide use should include cost 
considerations. Shown in Table 2 are cost 
estimates, based on a large statewide 
contract, for the various bead types used 
in this study. Kentucky's last yearly 
contract involved 2, 872, 000 pounds of 
beads. Cost estimates were based upon 
information obtained from a bead 
manufacturer. 
There was a wide range in costs. The 
higher refractive index beads are quite 
expensive. It was reported that the 1.65 
refractive index bead is not being 
manufactured currently. The uni-spheres 
are a labor-intensive bead that are also 
very expensive. Both bead types are 
considered too costly for statewide use. 
Even the floating, coarse-gradation, and 
silane-coated bead would involve a 
substantial cost increase. For each one 
cent change in bead cost per pound, the 
yearly change in total statewide cost 
would be approximately $29, 000. The least 
expensive bead and the only one estimated 
to cost less than the bead currently used 
was the fine-gradation bead. Its lower 
cost was related to lower production costs 
associated with a higher percentage of 
fine beads. 
The bead type termed "fine-gradation" 
in this study did not actually involve an 
unusually finely graded bead. It was 
considered a fine-gradation bead in 
comparison to the currently used bead. 
The regular bead used has a higher 
percentage of large beads (beads retained 
on the No. 30 sieve) compared to that used 
in most states. The fine-gradation bead 
is similar to the gradation used in 
several other states. 
The long-term durability of the fine­
gradation bead was evident after eight 
months in service at the test installation 
used in this study. This point of 
improved service would vary. Improved 
performance might be detected sooner as 
traffic volume increased and on highways 
where the paint stripe received more wear. 
PRR readings of 80 fo> a�hite stripe 
and 60 for a yellow stripe have been 
estimated to be the point at which a 
stripe's reflectivity fails (3) . None of 
the striping applied in this test had 
completely failed. 
RECOMMENDATION 
Based upon performance and economic 
considerations, it is recommended that 
Kentucky change bead gradation 
specifications to correspond to that 
listed for the fine-gradation bead used in 
this study. No change in refractive index 
o'r surface coating is recommended. The 
recommended bead type would conform to the 
following gradation requirement: 
4 
Sieve Number 
30 
60 
80 
140 
Percent Passing 
100 
40-70 
15-35 
0-5 
The bead application rate of 4 pounds 
per gallon should be maintained. The 
fine-gradation bead would require an 
adjustment in application pressure from 
the currently used bead in order to 
maintain application rate. 
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TABLE 1. SUMMARY OF PORTABLE RETROREFLECTOMETER MEASUREMENTS 
MONTHS IN SERVICE 
TYPE OF BEAD 
STRIPE TYPE NEW 2 4 8 10 12 14 15 
White Regular 262 248 252 164 150 130 122 106 
Lane line Silane 270 259 242 164 138 126 120 113 
1.65 286 289 315 207 161 122 130 113 
Fine 256 259 240 200 172 150 128 119 
Coarse 231 201 212 87 92 85 100. 103 
70/30 255 258 251 169 132 1 1 1  109 104 
Floating 276 282 273 208 151 143 136 110 
Yellow Edge Regular 244 169 162 105 74 82 94 106 
Silane 253 214 164 83 65 75 78 103 
1.65 288 225 232 187 123 122 143 159 
Fine 252 215 175 97 84 96 125 125 
Coarse 228 172 178 120 80 85 105 1 13 
70/30 232 2 14 173 78 73 85 94 115 
Floating 266 230 223 143 116 118 132 146 
White Edge 1.90 322 347 310 251 184 214 265 230 
Coarse 248 196 193 77 74 72 77 93 
Uni-sphere 26 1 272 276 232 182 228 233 206 
5 
TABLE 2. COST ESTIMATE FOR VARIOUS BEAD TYPES 
BEAD TYPE COST (CENTS PER POUND)* 
Fine 18. 0 
Regular 19. 0 
Silane 20. 5 
. Coarse 2 1.5 
Floating 21.5 
70/30 30.0 
Uni-sphere 45. 0 
1.65 70.0 
1.90 80.0 
*Costs are based on a large statewide contract. 
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Figure 1. Portable Retroref1ectometer Measurements versus Months 
in Service for White Lane Lines. 
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Figure 2. Photographs of Paint Striping with Regular and 
Fine-Gradation Beads (After One Year in Service) . 
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